Abstract
Introduction
A central challenge of introductory statistics courses is the development of a curriculum that not only serves diverse students, but also sparks communication, reasoning, and collaboration that crosses traditional disciplinary boundaries. Many students express negative feelings about introductory statistics courses and emerge from these classes with few useful skills (Gal and Ginsburg, 1994) . Petocz and Reid (2005) interviewed undergraduate students who had recently completed an introductory statistics class. They found that students who described the class as focusing on statistical techniques did not believe that statistical analyses were a useful way to evaluate information and planned to avoid the use of statistics in their professional lives. In contrast, students who described the class as focusing on analyzing and interpreting data were more likely to believe that statistical techniques could be used to understand real issues in a wide range of areas. Bailey, Spence and Sinn (2013) suggest that developing this type of statistical thinking can best be achieved through inquiry-based projects. Inquiry-based projects allow students to, -decompose their topic, identify key components; abstract and formulate different strategies for addressing their research question; connect the original question to the statistical framework; choose and apply methods; reconcile the limitations of the solution; and communicate findings‖ (Nolan and Temple, 2009) .
This type of project-based learning is most commonly defined as an instructional approach based on authentic, real-world activities that are aimed at engaging student interest and enthusiasm (BIE, 2012; Krajcik and Blumenfeld, 2006) . Designed to answer a question or solve a problem, project-based learning allows students to face challenges that lead to answers, reflect on ideas, and make decisions that affect project outcomes (Aditomo, Goodyear, Bliuc and Ellis, 2013) . There is an emerging literature demonstrating that project-based learning is more effective in promoting deep thinking-the ability to apply knowledge, communication, and reasoning skills-when compared to traditional didactic approaches (e.g. Harada and Yoshina, 2004; Hickey, Wolfe and Kindfield, 2000; Hickey, Kindfield, Horwitz and Christie, 1999; HmeloSilver, Duncan and Chinn, 2007; Langer, 2001; Lynch, Kuiper, Pyke and Szesze, 2005; Walker and Leary, 2009 ; however, see Kirschner, Sweller and Clark, 2006) .
In previous publications, we described the development of a multidisciplinary, project-based introductory statistics course aimed at engaging students in applied statistical projects across both divisional and departmental boundaries (Dierker, et al., 2012) . Funded by the National Science Foundation and first introduced into the curriculum at a selective liberal arts college, the project-based course follows each of the recommendations outlined in the Guidelines for Assessment and Instruction in Statistics Education (GAISE) report (Aliaga, et al., 2005; ASA, 2014; Carver, et al., 2016) . For example, the course teaches statistical thinking (GAISE recommendation #1) by asking students to choose their own research project giving them time to think critically about statistical issues (Wild and Pfannkuch, 1999; Chance, 2002) , recognize the usefulness of data for answering questions of interest to them and to society (Neumann, Hood and Neumann, 2013) , tackle complicated real-world questions that involve more than one or two variables (De Veaux, 2015) and emphasize practical problem-solving skills that are necessary to answer statistical questions (Garfield, delMas and Zieffler, 2012) .
Further, by supporting students to make decisions about the most appropriate ways to visualize, explore, and, ultimately, analyze data the course also emphasizes conceptual understanding over hand calculations (GAISE recommendation #2) . Rather than focusing on rules associated with traditional lists of statistical tools (e.g., z-test, one sample t-test, two sample t-test, paired t-test, etc.), we have organized the course to focus on the decisions and skills involved in statistical inquiry (e.g. selection and interpretation of tests). Basic themes such as measurement and descriptive and graphical representation are covered, as well as more specific inferential methods needed to test hypotheses and/or explore the empirical structure of data (Horton, 2015; Cobb, 2007; Gould, 2010) . All, however, are introduced as the students' scientific questions dictate. In this way, students are provided with opportunities to learn to select the tools that are most appropriate to address their research question(s) and to engage in statistical decision making. Using leading statistical software including SAS, R, Stata, Python or SPSS, (GAISE recommendation #5), students are exposed to a wide variety of statistical methods and learn to choose and use them flexibly as they are needed.
The project-based course uses a flipped classroom approach, which is an effective means of freeing class time for active problem solving (GAISE recommendation #4) because students view lecture videos outside of class (Bishop and Verleger 2013; DeLozier and Rhodes, 2016; O'Flaherty and Phillips, 2015; Wilson, 2013; Winquist and Carlson, 2014; Yarbo, Arfstrom, McKnight and McKnight, 2014) . In our flipped project-based class, the majority of each class session is devoted to students actively working with instructors and peer mentors on their analyses and thinking about their data (Freeman, et al. 2014 ). In the first week, students develop their own research question after an introduction to a number of large data sets representing different disciplines such as ecology, psychology, economics, and planetary science (GAISE recommendation #3). The students' research questions evolve as they continue through the course and apply newly learned statistical techniques. All statistical analyses are done within the context of the students' research question culminating with in a poster presentation. At this concluding event, students have the opportunity to describe to peers, instructors, and external experts their process of inquiry, including the different decisions made along the way and their premises, conclusions and any barriers that they faced. The project-based course is designed to take advantage of students' natural curiosity and provide a common language for approaching questions across numerous disciplines (Cobb, 2007) .
In previous work, we have demonstrated that the project-based course has enrolled higher numbers of under-represented minority (URM) students compared to a traditional introductory statistics course (Dierker et al., 2015) . Further, because of our focus on programming in the context of data analysis (i.e. R, SAS, Stata, Python, etc.), we have compared enrollment of the project-based course to traditional introductory programming experiences, revealing higher rates of female and URM enrollment compared to both a general introductory programming course and an introductory course representing a gate to the computer science major (Cooper and Dierker, 2017) . Overall, when compared to both traditional introductory statistics and introductory programming courses, this project-based course attracted students from a much wider range of academic backgrounds as measured by their Math SAT scores (Cooper and Dierker, 2017; Dierker, et al., 2015) . Despite these promising findings with regard to course access, we have yet to evaluate the possible impact of the project-based course on increased confidence in applied statistical skills, improved attitudes and interest in future exposure to statistics and related coursework. Students who feel negatively about their experience studying statistics are less likely to gravitate towards work in fields that require statistical literacy and are less likely to make use of statistical information to support evidence-based practice (Petocz and Reid, 2005) .
The present paper compares background characteristics, learning experiences and course outcomes for students completing the project-based course compared to those completing a traditional introductory statistics course offered through the math department. Specifically, we hypothesized that students enrolled in the project-based course would have more positive course experiences than those enrolled in the traditional course including being able to better understand information presented, engaging in greater preparation for class sessions, increased effort, finding the course more interesting and useful and gauging its reward and feelings of accomplishment as higher than students enrolled in the traditional course. We also hypothesized that project-based students would be more likely to show increases in confidence in a variety of data analysis and statistical skills and that interest in future data analysis and applied statistics experiences would be more likely to increase. We also set out to establish that differences in course experiences, increased confidence and future interest in data analysis and applied statistics would remain after controlling for differences in the background characteristics of students enrolling in each course.
Method

Sampling Design
The sample was drawn from students enrolled in a traditional statistics course and those enrolled in the multidisciplinary, project-based statistics course. Both were semester-long courses meeting 2 to 3 times a week and were open to all students with no prerequisites for enrollment. The project-based course could be used as one option to fulfill a major requirement for biology, earth and environmental science, government, neuroscience and behavior, or sociology. Both project-based and traditional courses counted toward the major requirements for psychology, but only as alternatives to an introductory statistics course offered directly through the psychology department. Both courses could also be applied to the natural sciences and mathematics general education recommendations. Importantly, neither course was specifically required of any student or represented a single option for fulfilling requirements for any major within the university. The traditional introductory statistics course was selected as a comparison group as, like the project-based course, it was open to all students and not designed for students from only a single major.
Treatment
The multidisciplinary, project-based introductory statistics course was offered through the Quantitative Analysis Center, a collaborative effort of academic and administrative departments that supports quantitative analysis across the curriculum and provides an institutional framework for collaboration across departments and disciplines in the area of statistics and data analysis. Titled Applied Data Analysis, the course was described in the university's on-line catalogue as a -project-based course, [in which] you will have the opportunity to answer questions that you feel passionately about through independent research based on existing data. Students will have the opportunity to develop skills in generating testable hypotheses, conducting a literature review, preparing data for analysis, conducting descriptive and inferential statistical analyses, and presenting research findings. The course offers unlimited one-on-one support, ample opportunities to work with other students, and training in the skills required to complete a project of your own design. These skills will prepare you to work in many different research labs across the University that collect empirical data. It is also an opportunity to fulfill an important requirement in several different majors.‖ The project-based course utilized a free eText providing integration of visuals and text, including appropriate narration in multimedia settings. This sort of text has been shown to promote enhanced learning compared to a text-only presentation (e.g., Mayer, 2009) .
The traditional introductory statistics course was offered through the math department. Titled Elementary Statistics, it was described in the university's online course catalogue as -covering the topics of organizing data, central measures, measures of variation, distributions, sampling, estimation, conditional probability (Bayes' theorem), hypothesis testing, simple regression and correlation, and analysis of variation.‖ The course used a traditional text (Mendenhall, Beaver and Beaver, 2012) with 75% of in class time devoted to lecture and the remaining 25% spent on group activities often including generating a class data set (e.g. Each student counts the number of heads from 10 coin flips) and then analyzing that data set. Statistical software was not used.
Instruments
Data were drawn from administrative records and student surveys completed before and after each course. The pre course survey was completed prior to the end of the second week of classes and the post course survey was completed during the last weeks of the semester. Each survey took approximately 10-15 minutes to complete. The final sample, which included students completing both the pre and post course surveys, included 77 students enrolled in the traditional statistics course and 295 students enrolled in the multidisciplinary, project-based course. All students taking the project-based course between fall 2014 and spring 2016 were administered a pre/post survey (12 course sections). For the traditional course, all students enrolled in sections in which the instructor provided permission for their students to participate were also administered the pre/post survey (3 sections). The average enrollment per class section in the multidisciplinary, project-based statistics course was 27.8 students (SD = 5.65, range: 15 to 50) compared to an average of 45 students (SD = 1.7, range = 44 to 47) in the participating sections of the traditional statistics course.
Background Characteristics. Class year was dichotomized into 1 st and 2 nd year vs. upper classmen and graduate students. A variable categorizing gender was also available from administrative records and course surveys. Reports of race/ethnicity, including White, Black, Hispanic, Asian and Other, were not mutually exclusive. Students also self-reported whether or not they were the first generation of their family to attend college and whether or not they were eligible for free or reduced lunch in high school. Students' high school backgrounds included whether they attended a public vs. non-public high school. The non-public category included private schools, religious schools, and home-schools. College financial aid status was characterized as students with demonstrated need receiving grants and/or self-help financial aid vs. those enrolled in the university without financial assistance.
Academic background was assessed by questions about previous statistics, mathematics, and programming courses in the pre survey. Students were asked whether they had previously taken a statistics course (advanced placement or non-advanced placement statistics in high school or a college level statistics course). Self-perceived skills in mathematics was measured by the question, -How good at mathematics are you?‖ on a scale from 1 (very poor) to 5 (very good) and Math SAT scores were drawn from administrative data. Any prior experience with general programming and/or code-based statistical software was evaluated in the pre course survey (e.g., R, SAS, Stata, Matlab or Python, C++, Java, HTML, etc.).
Experiences with the Course. Based on the post course survey, students rated how well they understood the information presented in each type of course resource (i.e., instructor or video lectures, textbook, one-on-one support from instructor and peer mentor) from 1 (none of it) to 5 (all of it). Students' perceptions of their engagement in the course were measured by questions about their preparation ("How frequently did you prepare by completing assigned materials before class?" on a scale from 1 = never to 5 = always), and their effort ("How hard did you work in this course?" on a scale from 1 = not at all hard to 5 = extremely hard). Students' perceptions of rigor were measured with the questions -How challenging did you find this course?" (from 1 = not at all to 5 = the most challenging) and -Was this course more challenging, less challenging or similarly challenging compared to other college courses you have taken?‖ Overall impressions of the success of the course were measured on a scale of 1 (not at all) to 5 (extremely rewarding) with the questions -How rewarding did you find this course?‖, -Did you accomplish more than you expected, less than you expected or about the same as you expected?‖, -Did you find the course more interesting, less interesting or the same compared to other college courses you have taken?‖ and -Did you find this course more useful, less useful or similarly useful compared to other college courses you have taken?‖. Students were also asked about the amount of individualized support and how useful they perceived that individualized support to be relative to their experiences in other courses. All questions comparing experiences in the statistics course to other college courses were dichotomized as more vs. less or the same.
Increases in Confidence. Increases in perceived confidence on specific data analysis and statistical skills were evaluated based on changes in student ratings from the pre to post course survey, using a scale of 1 (not at all confident) to 4 (very confident). These skills were developing a research question, choosing the correct test, managing data (e.g. setting aside missing data, creating scales and/or dichotomizing variables), checking assumptions, calculating a test statistic by hand, writing syntax to run a statistical analysis, interpreting results, graphing, effectively presenting results, and the more general category of conducting a statistical analysis of data. For students not rating themselves at the maximum confidence level in the pre-survey (leaving 72.3% -97.1% of the sample), individual dichotomous variables were created for each skill indicating whether or not the student's confidence increased between the pre and post course surveys. In addition, the total number of these skills on which students increased from pre to post was calculated. An overall confidence question, "How confident are you that you mastered introductory statistics material?‖ rated from 1 (not at all) to 5 (extremely confident) was also asked in the post survey. Post-test ratings of confidence, from 1 (not at all confident) to 5 (extremely confident), in abilities to learn more statistics, analyze data, answer questions with data and master introductory material were also examined.
Attitudes and Interest in Future Experiences. An increase in students' interest in conducting research was measured by comparing the pre survey and the post survey responses, each measured on a scale of 1 (not at all interested) to 5 (extremely interested). Increases in interest in using statistics were measured by a series of questions on student expectations about using statistics in future employment, interest in pursuing advanced statistics coursework, intention to take more statistics courses in the future, and their expectation of using statistics in the remainder of their degree program. Each of these questions was rated on a 5-point Likert scale in the pre and post surveys with higher values indicating increased interest in using statistics. The question -In the field in which you hope to be employed when you finish school, how much will you use statistics?‖ was also included, with ratings from 1 (not at all) to 5 (a great deal). For students not rating themselves at the maximum interest level in the pre survey (76% and 96%), dichotomous variables were created for each question indicating whether or not the students' interest increased between the pre and post surveys.
A final outcome measure considered if students would like to take one or more courses as a follow-up to their statistics course. Options included a course in advanced statistical tools, programming, data set construction, data visualization, science writing, or other. Individual courses were examined separately and an aggregate variable based on post survey data was constructed indicating whether or not a student endorsed an interest in taking at least one follow-up course.
Analyses
Chi-Square Tests of Independence and ANOVA were used to examine the association between types of course for categorical and continuous variables, respectively, measuring student's background characteristics, course experiences, increased confidence and future interest in data analysis and applied statistics. As an estimate of effect sizes, odds ratios were calculated for percentage differences based on Chi-Square Tests of Independence and Cohen's d was calculated for mean differences based on ANOVA. Multivariate linear or logistic regression models, for continuous and binary outcome variables respectively, were then run to evaluate whether differences between courses persisted when controlling for student background characteristics.
Results
Student Characteristics by Course Type
A comparison of demographic and other student background characteristics in the multidisciplinary, project-based course vs. the traditional introductory statistics course is presented in Table 1 . A significant association between course type and class status showed higher rates of upperclassman (i.e. juniors, seniors and graduate students) enrolled in the project-based course compared to the traditional introductory statistics course. When examining demographic characteristics, both courses enrolled similar rates of female students; White, Asian and Hispanic students; students from public high schools; those receiving free or reduced cost lunches in high school and those currently receiving financial aid. The project-based course however, enrolled higher rates of Black and first generation college students compared to the traditional statistics course.
While average SAT scores for Math were statistically similar for students in both courses, those students enrolled in the traditional math statistics course rated themselves as better in math than those enrolled in the project-based course. When considering previous experience with statistics courses at the high school or college level, students in the traditional and project-based courses reported these experiences at similar rates. Students in the project-based course were significantly more likely, however, to report some previous experience with programming compared to students in the traditional introductory statistics course.
Student Experiences by Course Type
Based on post survey responses, a comparison of self-reported experiences in each course is presented in Table 2 . Project-based students reported preparing for class by completing assigned materials more frequently (1 = never, 5 = always) than students in the traditional course, though ratings for -How hard did you work in this class?‖ were found to be statistically similar. Further, while students showed statistically similar ratings of their understanding of the video (project-based students) or lectures (traditional students) and traditional vs. project-based textbook, those students in the project-based course reported understanding significantly more of the information presented through one-on-one support from the instructor and peer mentors than students completing the traditional introductory statistics course. Students in the project-based course also reported receiving significantly more individualized support compared to other courses they had taken, and those in the project-based course were significantly more likely to report that the individualized support was more useful than what they had received in other college courses.
Though students in the project-based course were no more likely than those in the traditional course to find the experience more interesting or challenging than other courses they had taken, project-based students were significantly more likely than traditional students to rate their experience in their statistics course as more useful than other courses. Project-based students were also significantly more likely than traditional students to rate their course as more rewarding than other courses. Finally, project-based students were significantly more likely than traditional students to report accomplishing more than expected in their course.
When controlling individually for student background characteristics that were found to differ by course type (i.e., class year, race/ethnicity, first generation college student status, self-reported ability in math and prior experience with programming), all differences in course experiences between students enrolled in the project-based vs. traditional statistics course remained significant.
Increased Confidence in Basic and Applied Statistics Skills by Course Type
A comparison of ratings of increased confidence in basic and applied statistics skills are presented in Table  3 . Based on responses to both the pre and post course surveys, students completing the project-based and traditional statistics courses reported increased confidence between pre and post course surveys at similar rates when asked about developing a research question, checking whether the assumptions for a statistical test are met, calculating a test statistic by hand, interpreting results, graphing, effectively presenting research results and conducting statistical analysis of data. However, students taking the project-based courses were significantly more likely than students in the traditional course to report an increase in confidence with regard to managing data, choosing the correct statistical test, and writing syntax or code to run statistical analyses. In addition, students in the project-based course had increases in confidence in a larger number of skills than students in the traditional course. No differences were found between project-based and traditional students in terms of their post course ratings of confidence in their ability to learn more statistics, analyze data, or answer questions with data through interpretation of results. Students in both courses also showed statistically similar ratings of their confidence that they had mastered introductory statistics material.
When controlling individually for student background characteristics that were found to differ by course type (i.e., class year, race/ethnicity, first generation college student status, self-reported ability in math and prior experience with programming), all the differences in increased confidence remained significant.
Improved Attitudes and Interest in Future Exposure to Statistics by Course Type
A comparison of improved attitudes and interest in future courses in presented in Table 4 . When examining attitudes and interest in future exposure to statistics and related course work, though students completing the project-based and traditional course were no more likely to show increases in expectations of using statistics in future employment, conducting research or a general intention of taking an additional statistics course in the future (though this was marginally significant in favor of project-based students), the project-based course did produce a significantly higher rate of students who increased their interest in pursuing advanced course-work in statistics Figure 1 . Though not statistically significant in individual models, more students in the project-based course reported wanting to take each of the related courses that were presented (i.e., advanced statistical tools, constructing data sets, graphing and data visualization and programming), with the exception of a course in science writing. When aggregating across types of potential follow-up courses, those students completing the project-based course were significantly more likely to have reported interest in one or more follow-up courses than those completing the traditional introductory statistics course.
When controlling individually for student background characteristics that were found to differ by course type (i.e., class year, race/ethnicity, first generation college student status, self-reported ability in math and prior experience with programming), differences found in interest in pursuing advanced statistics course work and being interested in at least one follow-up course between students enrolled in the project-based vs. traditional statistics course remained significant.
Discussion
Context
Statistical analysis is a critical component of research across the natural and social sciences and is arguably the most salient point of intersection between diverse disciplines; information on varied topics is constantly communicated through the common language of statistics. Despite its central importance however, the teaching of statistics is limited by numerous challenges that are not easily overcome with traditional pedagogical approaches. Students may enroll in a statistics course believing that it will be a negative experience (Onwuegbuzie, 1997) , which in turn may influence their levels of engagement in the course. Similarly, the traditional lecture-style statistics course inhibits instructors' abilities to work one-on-one with students who may need extra attention to feel engaged in the course. Finding pedagogical approaches to statistics education that engage and educate students is critical (Cobb, 2007) . In previous reports we have described the development of this project-based, introductory statistics course funded by the National Science Foundation and its success in attracting higher rates of under-represented students and students from a wide range of academic backgrounds compared to both a traditional statistics curriculum and introductory programming courses (Cooper and Dierker, 2017; Dierker, et al., 2015) .
The goal of the present study was to evaluate the success of a project-based statistics course in increasing confidence in applied skills and fostering positive attitudes toward future learning. To that end, survey and administrative data from students enrolled in a project-based course and students enrolled in a traditional statistics course were utilized to evaluate differences in learning experiences and course outcomes. We hypothesized that students completing the project-based course would be more likely than students completing the traditional course to have positive experiences with the course, increase their confidence in applied statistical skills and express greater interest in pursuing additional data analysis and applied statistics experiences in the future.
Experiences in the Course
Though students in the project-based and traditional courses rated their experiences equally in terms of how hard they worked and how interesting and how challenging they found the course, project-based students showed some signs of increased engagement based on their reports of more frequently preparing for class by completing assigned materials. This is a relevant addition to the literature on both statistics education (Horton, 2015) and flipped classrooms, where one of the reported challenges is having students recognize the need to come to class prepared (e.g., McLean, Attardi, Faden and Goldszmidt, 2016) . Our results are similar to those reported by Moraros, Islam, Yu, Banow and Schindelka (2015) who found that masters-level students in a flipped epidemiology course reported that they studied more frequently for the flipped course than traditional courses. Moraros et al. hypothesized that the flipped course might evoke higher levels of preparation because students were required to show their level of understanding regularly through quizzes and in-class practice problems. In our project-based course, we allowed unprepared students to watch the video lessons during class time. This ensured that all students viewed the lessons and provided prepared students with increased opportunities to collaborate with their peers, peer mentors, and instructors during class time. We believe that this class policy may have helped to shape prepared behavior without instructor leveled penalties or a reduction in active class time for those students who had prepared.
Notably, though lectures were delivered through different means within the project-based and traditional course sections (i.e. video lectures in the project-based course and instructor led lectures in the traditional course), students showed similar ratings of their understanding of the lecture material, confirming previous literature reviewing different lecture formats available in support of flipped classrooms (DeLozier and Rhodes, 2016) . The same was true of ratings of the course textbooks (a traditional text (Mendenhall, Beaver, and Beaver, 2012) vs. a project-based eText) which were not found to promote differences in overall ratings of understanding. Where differences were seen was in the ratings of the amount and usefulness of individualized support. Project-based students were more likely than traditional students to report having received more individualized support compared to their other college courses and that the individualized support was more useful than support received in other college courses. These results are similar to those reported by McGivney-Burelle and Xue (2013) who found that students in a flipped calculus class responded positively to the increased availability of the instructor for individualized help compared to students in a traditional calculus class. Importantly, much of the individual support in the current study was provided by peer mentors. These peer mentors can serve as important role models for students and might influence their interest in pursuing more advanced statistical training. Studies involving diverse groups of undergraduate students have found that mentoring is associated with increases in academic performance and persistence (Crisp and Cruz, 2009) .
Importantly, students in the project-based course reported higher levels of understanding of the information they received from individualized support than did students in the traditional course. In a study of statistics anxiety, Williams (2010) found that the physical and psychological availability of an instructor significantly improved students' feelings about the course. Perhaps, the increased availability of instructors in the project-based course reduced students' anxiety thereby increasing the extent to which they could benefit from the individualized support that was offered.
Perhaps students' greater ability to benefit from individualized support can help to explain why projectbased students were more likely than traditional students to report accomplishing more than they had expected and that the course was more useful and more rewarding than the other college courses. These results are similar to those found by others who have examined the effects of transforming introductory classes through the inclusion of hands-on, project-based learning. For example, Armbruster, Patel, Johnson and Weiss (2009) found that students in a biology class with active problem-based learning viewed the class more positively than students in a traditional biology class. Similarly, Wilson (2013) found that students in a flipped section of an undergraduate statistics course received higher grades and expressed higher levels of course satisfaction than those who had completed the traditional version of the class during the previous semester.
Garfield and Ben-Zvi (2007) stress the importance of active student involvement in the construction of statistical knowledge. Students learn information by integrating new types of knowledge with existing knowledge. Students will learn more deeply and integrate new knowledge more thoroughly if they experience and resolve conflict between the new and existing knowledge (Mvududu, 2005) . Through the resolution of conflict, the new knowledge becomes firmly integrated with the existing knowledge and the existing knowledge is modified to incorporate the new ideas. Students benefit from struggling to solve conceptually difficult problems and associating these problems with other areas of relevant knowledge. The productive resolution of temporary intellectual roadblocks is a common occurrence in the project-based course. We hypothesize that the successful resolution of these moments of intellectual struggle may have helped students to experience a stronger sense of accomplishment about their work in the class than was experienced by students in the traditional class.
Increase in Confidence
Given the different amounts of time dedicated to the practice of applied and theoretical skills in the project-based and traditional courses, we were somewhat surprised to find that students reported similar increases in their confidence with both theoretical (checking whether the assumptions for a statistical test are met or calculating a test statistic by hand) and applied skills (developing a research question, graphing, conducting statistical analyses, interpreting results, and effectively presenting results) regardless of their course experience. These findings highlight possible differences between perceived confidence, measured in the present study, and actual achievement in each of these areas. We are currently collecting data that will address this through responses to open-ended questions that ask students to develop a research question based on a given set of variables and then to identify the steps they would take to address this research question. Notably, tests of statistical understanding often fail to address these active, functional skills that are inherent in the intense decision making process of empirical research.
Students' active engagement in solving a genuine research question may have also boosted their confidence in their practical skills. Increased confidence was more commonly seen among project-based students with regard to some of the more applied skills including managing data (e.g. setting aside missing data, creating scales and/or dichotomizing variables), choosing the correct statistical test and writing syntax or code to run statistical analyses. Though use of statistical software in introductory statistics courses has become far more common over the past decade, these experiences can fall into the category of canned exercises that do not provide students with opportunities to create testable hypotheses, formulate strategies to address them, interpret the meaning of the results in the context of the original question, and communicate the findings and their limitations (Nolan and Temple, 2009 ).
The project-based interdisciplinary course evaluated in this study was designed in alignment with GAISE guidelines. Students in the project-based course engage in active learning in which they integrate real data with a context and purpose to address a real-world question by using technology to employ statistical thinking. The use of real data is important for the development of a sense of practical confidence because it brings the statistical problem solving that takes place in the classroom into closer alignment with the types of statistical analyses students are likely to encounter in other contexts. The use of real data that concerns real world problems can also support affective engagement by demonstrating the role of statistical analysis in effectively responding to important issues. In addition to reaffirming the six original recommendations for undergraduate statistics education that were articulated in the 2005 report, the 2016 GAISE guidelines add two new areas of emphasis for statistics education: 1) teach statistics as an investigative process of problemsolving and decision making; and 2) give students experience with multivariable thinking. The project-based course provides students with rich opportunities to investigate their own research question using multivariable thinking.
Future Interest
When examining attitudes and interest in future exposure to statistics and related course work, students completing the project-based and traditional course were no more likely to show increases in expectations of using statistics in future employment, conducting research or their general intention of taking an additional statistics course in the future. However, students in the project-based course were significantly more likely than students in the traditional course to report increased interest in pursuing advanced course-work in statistics or completing one or more follow-up courses. Interest in follow-up courses is a particularly important outcome given the importance of developing deep statistical literacy in order to successfully conduct or comprehend research in the natural and social sciences (Horton, 2015) . If students' intentions accurately predict their future behavior, then participation in the project-based course might lead to higher levels of statistical expertise among students who took the project-based course than students who took the traditional course.
Limitations
The present results should be interpreted in the context of several limitations. First, identifying appropriate comparison groups in this type of research can be challenging given vast differences across classroom contexts and the fact that random assignment of students to different curricular experiences is often infeasible. Because of this, the present sample is a self-selected, incidental sample of students composing a nonequivalent quasi-experimental design and there was no content or specific methods controlled in these courses. Thus differences may have been influenced by one or more of the many differences between courses (e.g. project-based approach, flipped classroom, use of statistical software, etc.). Furthermore, the measures used in the present analyses represented single items rather than scales or subscales. Given that single items are often less reliable, these findings will need to be replicated within the context of expanded data collection efforts. Finally, while outcomes in self-reported confidence and interest in future data analysis and applied statistics experiences were examined, no outcome measure of achievement was available. We are currently collecting data based on the Assessment Resource Tools for Improving Statistical Thinking (ARTIST) survey at a Midwestern regional university campus and hope to be able to present these findings in a future publication.
Conclusions
As expected, students enrolled in the project-based course had more positive course experiences than those enrolled in the traditional course including being able to better understand information presented through one-on-one support from the instructor and peer mentors, engaging in greater preparation for class sessions, finding the course more useful and gauging its reward and feelings of accomplishment more highly. Students enrolled in the project-based course also showed more increases in confidence with regard to managing data, choosing the correct statistical test, and writing syntax or code to run statistical analyses, and they showed greater interest in pursuing additional course-work in statistics and related topics. Importantly, student background characteristics did not explain these differences.
Previous research has recognized the general challenge in teaching courses in statistics at both the undergraduate and graduate level. There is no typical statistics student; instead, students come into statistics courses with differing backgrounds, experiences, learning styles and levels of preparation. The project-based course described in this paper provokes students to encounter (and struggle with) the central concepts and principles not only within the discipline of statistics, but also with the discipline of their research question. Taken together, these findings are especially relevant as the most beneficial effects of project-based learning are often on measures that consider the application, as opposed to the memorization, of knowledge (Dochy, Segers, Van den Bossche and Gijbels, 2003) and it is potentially these additional application outcomes that are most important to continued persistence in statistics. Given that no single course will adequately prepare students for either the amount or complexity of data they will encounter as professionals and as citizens (Collins and Halverson, 2010; Cobb, 2007; Horton, 2015) modern courses need to focus on imparting a deep interest among students and desire to continue learning statistics and disciplines focused on data and computation. Our approach is currently being used within varied educational settings (i.e. state and regional universities, small liberal-arts colleges, community colleges, high school and youth enrichment programs). We are happy to share our course materials with others and encourage faculty to consider integrating projectbased course content (http://passiondrivenstatistics.com). 
